Abstract: i have hypothesized that mammalian offspring sex ratios (proportions male at birth) are partially controlled by the hormone levels of both parents around the time of conception. recently data have been published (privately) which impugn suggestions of mine (based on that hypothesis) relating to the offspring sex ratios of people who are carriers of hepatitis B virus; and (publicly) to hormone profiles of women who are infected with the protozoan parasite Toxoplasma gondii. Here these data are reviewed in the light of data on offspring sex ratios of people infected with hepatitis c, and cytomegalovirus and T. gondii; and of mice with T. gondii and the trichostrongyline nematode Heligmosomoides polygyrus. three proposals are made viz: 1. Women infected with T. gondii may have high oestrogen levels. this would potentially explain reports of their high offspring sex ratios, long gestations and (perhaps) behavioural traits. 2. some of these infective organisms may 'prefer' a particular endocrine environment in their host (in the sense that it facilitates replication or transmission or both). 3. some of these organisms apparently cause changes in that endocrine environment as a consequence of their presence. if both the latter two proposals were correct, it could explain recent puzzling data on the offspring sex ratios of hepatitis B carriers. and if this solution turns out to be correct, it would suggest new endocrine means of combating hepatitis B infection. Keywords: cytomegalovirus cMV, Heligmosomoides polygyrus, hepatitis B virus HBV, hepatitis c virus HcV, sex ratio at birth, Toxoplasma gondii 115 to be low in cMV-seropositive women: hence ex hypothesi, their low offspring sex ratio. i know no evidence on whether the virus, once present, alters oestrogen levels in women, nor on whether offspring sex ratio alters with duration of infection.
Human beings and other mammalian species are subject to viral and parasitic infections which are associated with changes in the hosts' offspring sex ratios at birth. such changes have been reported in relation to hepatitis B, hepatitis c, cytomegalovirus and the protozoan parasite Toxoplasma gondii in man; and to T. gondii and the trichostrongyline nematode Heligmosomoides polygyrus in the mouse. the causes of these sex ratio changes are not established. However, the health burdens imposed by some of these agents are heavy, and an understanding of this sex ratio variation may suggest treatments for the various pathologies. so it seemed worth considering these topics in a single context because the data on each may throw light on interpretation of the others. the present note will later focus on new data on offspring sex ratios of hepatitis B carriers, and new data on hormone levels of T. gondii-infected women, so other forms of infection will be considered first.
there is now strong evidence that (at least under some circumstances) mammalian (including human) sex ratios (proportions male) at birth are associated with the hormone levels of both parents around the time of conception (James 1996 (James , 2004 (James , 2008a . Ex hypothesi, high levels of testosterone (t) (in either parent) or oestrogen (E) (in mothers) around the time of conception are associated with the subsequent births of sons, and low levels with daughters. offspring sex ratios of hosts infected with each of the above agents will now be considered in the light of that hypothesis.
Mice infected with Heligmosomoides polygyrus
Ehman and scott (2002) found that litters sired by male mice parasitized by this nematode had significantly low offspring sex ratios. Parasitic infection of male mammals (including mice) generally lowers their t levels (Hilgarth and Wingfield 1997, Barnard et al. 1998) . In conformity with my hypothesis, it seems reasonable to ascribe the low offspring sex ratio to the low t concentrations. thus these data not only support my hypothesis: they also support one of the proposals offered in the abstract above -viz that the infective agent alters the host's hormone concentrations.
Cytomegalovirus (CMV)
Women who are seropositive for cytomegalovirus (CMV) reportedly produce a significant excess of daughters (Piazze et al. 1999 (Piazze et al. , shields et al. 2002 . oestrogen has a generally suppressive effect on cMV replication (speir et al. 2000) . so oestrogen levels may be assumed to be low in cMV-seropositive women: hence ex hypothesi, their low offspring sex ratio. i know no evidence on whether the virus, once present, alters oestrogen levels in women, nor on whether offspring sex ratio alters with duration of infection.
Hepatitis C virus (HCV)
i know only one published set of data on the sexes of offspring born to women infected with hepatitis c. the European Paediatric Hepatitis c Virus Network (2005) reported 802 boys and 668 girls born to infected women. this sex ratio (proportion male) of 0.546 yields a chisquared value of 6.2, with 1 df, p < 0.02, tested against an expected contemporary European live birth sex ratio of 0.513 (Parazzini et al. 1998) . the difference between these two sex ratios (0.033) is small but typical of much established human sex ratio variation. the evidence is weak, but one might speculate that this unusual offspring sex ratio has an endocrine basis (as would be suggested by my hypothesis). analogously, Blumberg (2006) noted sex differences in morbidity and mortality from hepatitis B which he suggested might have endocrine bases. other evidence is that hepatitis c (like hepatitis B) is a powerful risk factor for hepatocellular cancer (Hcc) (Kumada et al. 2009 ). Moreover, men who are destined to develop HCC have significantly higher T levels than controls (Yuan et al. 1995 , Yu et al. 2001 ). so it is suggested here that (at least at the time infection is initiated) HcV, like HBV, is associated with high t levels.
Human and murine infection with Toxoplasma gondii
this parasite is common in human beings, between 20% and 60% of the populations of most developed countries being infected (Flegr et al. 2005a) . Kaňková et al. (2007a) reported that (as contrasted with uninfected controls), infected women are more likely to produce sons (p = 0.001), and that the offspring sex ratio (proportion male) increases with the concentration of anti-Toxoplasma antibodies in T. gondii-positive mothers (p = 0.001). This group of workers also reported similar findings on experimentally infected female mice (Kaňková et al. 2007b) . Most importantly (and hitherto unexplained) they also found a high murine offspring sex ratio in early phases of the infection and a low offspring sex ratio in later phases of the infection.
Until recently, it had been generally supposed that the testosterone (t) levels of infected people are high. the grounds for this supposition are now summarised.
1. Flegr et al. (2005a) reported that infected men and women (as contrasted with uninfected controls) have lower values of Manning's R (where R = 2D/4D) where 2D is the length of the 2nd digit, and 4D the length of the 4th digit. Manning had reported that low values of R are associated with high circulating t values (Manning et al. 1998 , Manning 2002 . [in parenthesis, it may be remarked that Manning's finding is consistent with my hypothesis in that he reported that men's R values correlate significantly and negatively with their offspring sex ratios (Manning et al. 2002) ].
2. Hodková et al. (2007) reported a higher perceived dominance rating in infected men, and interpreted this as evidence that they had higher t levels.
3. Flegr et al. (2005a) also reported that R correlated negatively with anti-Toxoplasma antibodies in T. gondiifree subjects. Moreover these authors found that infected men were significantly taller than uninfected controls. So they concluded that their 'results suggest that some of the observed differences between infected and non-infected subjects may have existed before infection and could be caused by the lower natural resistance to T. gondii infection in subjects with high prenatal testosterone (t) levels'. so, in accordance with my hypothesis, i suggested that the high offspring sex ratio of infected women may be due to their (supposedly) high t levels (James 2008b). However that suggestion has been impugned as will now be described.
recent research suggests that hormone characteristics may differ as between infected men and women. Flegr et al. (2008b) reported that T. gondii-infected men have higher t levels than uninfected controls; and that T. gondii-infected women have significantly lower t levels than uninfected controls. these authors speculated that these endocrine differences might explain the established differences in reported behaviour between infected men and women (e.g. Lindová et al. 2006) . This explanation will later be examined and supplemented.
What causes these behavioural differences between infected men and women? Here i shall focus on the reported hormonal antecedents and consequences of T. gondii infection in people and rodents. in particular i shall examine the possibility that infected female mammals have high oestrogen levels.
there is good evidence that (in rodents at least) oestrogen (as well as testosterone) has a role in T. gondii infection. For instance, Kittas and Henry (1980) reported greater resistance to T. gondii infection in gonadectomised mice (of both sexes) than in control mice. these workers also reported that infected mice treated with hexoestrol suffered overwhelming toxoplasmosis with increased mortality. Moreover, Pung and Luster (1986) confirmed that pharmacological levels of oestrogen lower resistance to such infection in mice. so one may speculate that, at the time of infection, infected mice have higher levels of oestrogen than uninfected controls on the average. However, once infected, females develop ovarian dysfunction (stahl et al. 1995a ) and uterine atrophy which is reversed by the administration of oestradiol (stahl et al. 1995b ). so i suggest that if the date of infection is taken as time origin, oestrogen concentrations in infected female mice decrease across time from above average to below average (as contrasted with uninfected controls). if this were so, it would explain (on the basis of my hypothesis) the finding of a high offspring sex ratio in infected mice in the early phase of infection, and a low offspring sex ratio in the later phases (Kaňková et al. 2007b ). This constitutes indirect evidence that infected female mice show evidence for two of the proposals in the abstract viz that T. gondii 'prefers' hosts to have high E levels, and that T. gondii lowers these E levels.
the question arises whether it is reasonable to conjecture, on the basis of their reported behaviour, that (at the time of infection by T. gondii), women (as is suggested above in respect of infected female mice) may also have high oestrogen levels. For, if my hypothesis were accepted, that would also potentially explain the high offspring sex ratio of infected women reported by Kaňková et al. (2007a) .
there is good evidence that prenatal (reinisch 1977) and postnatal oestrogen levels affect women's personalities and behaviour (linzmayer et al. 2001 (linzmayer et al. , Westberg et al. 2003 ; and that oestrogen acts as a neurotransmitter or neuroprotector (cyr et al. 2000) . also relevant is the direct evidence from psychometric testing when women's oestrogen levels are manipulated upwards (in hormone replacement therapy) or downwards (in combating breast cancer). the consensus from these studies is that low levels of oestrogen are associated with the pre-menstrual syndrome (arpels 1996); depression (swaab et al. 2005) ; verbal and working memory deficit (Shilling et al. 2003 (Shilling et al. , grigorova et al. 2006 ; and lower cognitive ability (Palmer et al. 2008) . the consensus is also that high levels of oestrogen reverse these effects. Moreover it seems likely that oestrogen has structural effects on the brain (ghidoni et al. 2006) . so what light is thrown on their endocrinology by the reported behavioural features of women infected with T. gondii? I confine the discussion here to replicated results reviewed by Flegr (2007) on work mainly carried out by his team at charles University during the previous 15 years. this author noted that consistent and significant differences were found between T. gondii-infected and uninfected subjects in 9 of 11 studies, and that these differences were not the same for men and women. in brief, these differences were as follows. infected men showed lower superego strength (were more likely to disregard rules) and were more expedient, suspicious and jealous than uninfected controls. in contrast, infected women had higher superego strength, and were more warm-hearted, affectionate, outgoing and conscientious than comparable controls. i agree with these workers that the established higher testosterone in infected men might well explain the psychometric findings relating to infected and uninfected men (Ellis 1986). However, i doubt whether the psychological differences reported between infected and uninfected women may be explained by the reported lower t levels in infected women (Flegr et al. 2008a ). instead i wish to propose that the psychological differences between infected and uninfected women are at least partially explained by higher levels of oestrogen in infected women. that would not only explain the high reported offspring sex ratio of infected women (Kaňková et al. 2007a) ; it also seems a potential explanation of (some of) the behaviour of infected women summarised above. (the reported psychological effects of high levels of oestrogen seem comparable to at least some of that behaviour.) lastly it seems compatible with the reportedly long durations of gestation of infected women (Flegr et al. 2005b, Kaňková and Flegr 2007) . I know no evidence for the suggestion of Flegr (2007) that long pregnancies are associated with high maternal t levels, whereas Ni et al. (2002) suggested that high maternal levels of E tend to be associated with term and post-term pregnancies.
i hope this conjecture will prompt those with the available resources to test the notion that infected women have high oestrogen levels. such a phenomenon may exist if high E levels were to facilitate transmission or replication, women with higher E levels being more vulnerable to infection. such vulnerability could be simply physiological or it could also be behaviourally mediated, women with high E engaging in more risky behaviour (Zuckerman 1994) and so more liable to come into contact with the organism.
Hepatitis B virus (HBV)
When an individual is infected with hepatitis B virus (HBV), one of two sequences of events may occur viz 1. the surface antigen HBsag disappears from the blood and the antibody (anti-HBs) appears. it protects against further infection, and those carrying it are called 'immune'. or 2. little or no anti-HBs is detected, and HBsag persists in the blood for a long time. those to whom this happens are called 'carriers'.
Until recently it would have been reasonable to suppose that 1. Hepatitis B carriers (of both sexes) produce statistically significant excesses of sons and 2. immune people have an excess of daughters (e.g. Blumberg 1979) . these conclusions are based on the results of extensive work by Blumberg and colleagues in a variety of locations (greece, Philippines, Papua New guinea, France and greenland). this work was summarised by chahnazarian et al. (1988) and chen et al. (chen g., oster E., Yu X., lin W. 2008: Hepatitis B and sex ratios at birth: revisiting the relationship. Preliminary and incomplete unpublished working paper.) and confirmed by Camargo et al. (2002) who reported a very high offspring sex ratio in rural Brazilian community in which the prevalence of serum positive reactions against hepatitis B was 74% amongst adult males. Moreover it has been reported that there is a statistically significant excess of brothers among the sibs of carriers (Mazzur and Watson 1974, cazal et al. 1976) . lastly, the conclusion was indirectly strengthened by work of oster (2005) on sex ratios following vaccination against hepatitis B in alaska.
However, two unpublished working papers (chen et al. 2008 unpublished -see above; oster E., chen g., Yu X., lin W. 2008: Hepatitis B does not explain malebiased sex ratios in china. Unpublished working paper.) make it clear that the above conclusions on sex ratios do not apply universally. two examples will be given.
First, lin and luoh (2008) used data from a cohort of 3 million births in taiwan and found only a very small effect of maternal hepatitis carrier status on offspring sex ratio. their analysis left open the possibility that paternal carrier status may have some such effect in their sample. second, oster et al. (2008 unpublished -see above) did not find evidence for paternal or maternal hepatitis B carrier status on offspring sex ratio in a sample of 67,000 people in a prospective study of liver cancer in china. How may these new data be explained?
there have been two large prospective cohort studies on the relationship between men's testosterone levels and hepatocellular cancer. in them, serum samples were initially taken from respectively 9,691 men in taiwan (Yu and chen 1993) , and 18,244 men in shanghai (Yuan et al. 1995) . Incidental findings in both these studies were that, at the time of recruitment, healthy volunteer HBV carriers had significantly higher mean T levels than healthy volunteer uninfected controls (p = 0.045, two-way; and p = 0.0006, two-way respectively). thus there can be little doubt that under some circumstances, healthy male HBV carriers have higher t levels than healthy, uninfected controls. so, bearing in mind the substantial evidence for the hypothesis that high parental t levels around the time of conception predispose parents to produce sons (James 1996 (James , 2004 (James , 2008a , it seems reasonable to propose that a. the high offspring sex ratios of HBV carriers (repeatedly reported by Blumberg and his colleagues) were caused by the carriers' high t levels, and B. the low reported offspring sex ratio of immune people is due to their low t levels. the t level of immune men reported by Yuan et al. (1995) was significantly lower than that of male carriers. (Possibly their low t is responsible for their transition to immunity.)
The first of these proposals above, (A), is supported by the lower fertility of carrier women and the higher fertility of carrier men reported by chen et al. (2008 unpublished -see above) , as will now be explained. the low reported fertility of carrier women may plausibly be attributed to high testosterone levels because it is well established that there is substantial variation of androgen levels across women, and that impaired fertility is a consequence of even moderately raised levels (azziz et al. 2006) . Moreover the higher reported fertility of HBV carrier men may plausibly be attributed to high testosterone levels because testosterone in men is positively associated with a number of components of fecundability (the probability of conception in a month at risk) e.g. coital rate (Potter and Millman 1986, Mantzoras et al. 1995 ) and sperm quality (Zalata et al. 1995) . the question remains: why did the two more recent studies in taiwan and china fail to replicate the raised sex ratios of hepatitis B carriers? i hope the forgoing considerations may be thought to justify examining the following suggestions.
1. as noted above, there is good evidence that (at the time of infection) hepatitis B carriers have high testosterone levels. the reason for this is not known, but it seems more likely that the virus (rather than somehow being responsible for the additional t) is 'choosy' in the sense that either it replicates faster in, and/or it is transmitted more readily to, such an environment. Moreover people with high t, because of their increased levels of sensationseeking (Zuckerman 1994), would be expected to behave in a manner such as to increase their chances of acquiring infection.
2. the reaction of men to many forms of adverse exposure is a diminution of excretion of testicular t (semple 1986). so i suggest that, if the date of infection is taken as time origin, t levels of (male) HBV carriers decrease from above average to below average as contrasted with uninfected controls. Ex hypothesi, this would explain the finding of Chahnazarian (1986) (as reported by Klasen 2009) that there is an interaction between offspring sex ratio with parity: such that the raised offspring sex ratio of HBV carriers applies only to early-born offspring.
3. if this line of argument were correct, then the current t levels of (male) carriers would depend on the duration of infection, and that, in turn, would depend on their age at infection.
4. so if age at infection varied from one location to another, one would expect the t levels of current carriers to vary accordingly. in particular, men of a given age who were infected as neonates might be expected to have lower t levels than those who had acquired the virus later in life. lastly it is clear that age at infection is earlier in the Asia-Pacific region where, according to Leung (2009) 'half of the chronic hepatitis B infection burden results from vertical, or mother-to-child transmission, with early child horizontal transmission accounting for the remaining half '. in contrast, stefos et al. (2009) estimated in regard to a sample of greek carriers that vertical transmission accounted for only 34%, and later transmission for the remainder. in other words, one would estimate that mean age at infection is lower in the Asia-Pacific region than in greece. i suggest that this may account for the recent failures to replicate the sex ratio phenomenon in china and taiwan.
Further research research suggestions made above are now summarised. three types of infection are considered: 1. Toxoplasma gondii, 2. Hepatitis c, and 3. Hepatitis B.
Toxoplasma gondii
a. it would be useful if further research were directed at assessing the t levels of women infected with T. gondii. it would also be useful to assess whether the oestrogen (E) levels of infected women are high, and especially whether the concentrations of anti-Toxoplasma antibodies in T. gondii-positive women correlate with their E levels.
B. it would be useful if the offspring sex ratios of infected men were assessed. on the bases of my hypothesis and of their high t levels, i predict that infected men would sire a high proportion of sons -at least early in infection.
c. it would be useful to know whether direct data support the suggestion above that the oestrogen levels of mice infected with T. gondii are initially high, and decline during the course of infection.
Hepatitis C
as suggested above, the testosterone concentrations of men and women infected with this virus should be assayed. i would predict them to be high as contrasted with uninfected controls. longitudinal studies should contrast the secular progress of testosterone concentrations in healthy infected subjects with those in healthy uninfected controls because it is important to know whether the t levels of infected subjects decline appreciably with duration of infection.
Hepatitis B
the temporal changes of t levels in carriers should also be studied. this should be done in both men and women. if they decline more rapidly than those of healthy controls (from above average at infection to below average), they might explain the perplexing data reported in Professor oster's two recent unpublished papers.
